Dublin Institute of Technology offers students a number of different routes into engineering, allowing many non-standard entrants the opportunity to study the discipline provided they fulfil certain criteria. The final aim of many of these students is to achieve an Honours Degree in Engineering, which takes a minimum of four years. Apart from the first year of the course, the other main entry point is at the start of the third year, at which stage students who have performed well in a three-year Ordinary Degree can begin. However, these students have a wide range of mathematical abilities and prior knowledge, and many are missing the basic skills required for completion of a mathematics module at this level.
Introduction
Many students who enter third level engineering programmes have problems with core mathematical skills. This has been borne out in the results of diagnostic tests carried out in many third level institutions, both in Ireland ( [1] , [2] ) and in the U.K. ( [3] ). These problems with core concepts can lead to comprehension difficulties in numerous modules, both in mathematics itself and in related subjects. In addition some students enter the later years of Engineering courses in Ireland having come through several different routes, both within a particular college and from other colleges. It can be difficult to quantify exactly what knowledge of Engineering maths they have from their earlier years. In an attempt to quantify this problem we are devising an Advanced Maths Diagnostic exercise similar in concept to the Diagnostic exercises already given to many students on entry to third level, but with a higher level of content. Students who fail to reach a satisfactory result in the Advanced Maths Diagnostic exercise will be required to sit online tests until such time as they reach the required standard in Engineering Maths to complete the 3rd and 4th year of an Honours degree in Engineering.
Entry to an Honours Degree in Engineering.
There are two distinct routes to achieving a Honours degree (Level 8) Figure 1 below). Upon successful completion of this award students may progress to the 3rd year of the Honours degree. These students tend to struggle with the Mathematical level of the Honours degree [4] .
Choice on Papers
As early as 1992, Ramsden noted that "From our students' point of view, assessment always defines the actual curriculum" [5] . Brown et. al went even further, observing "Assessment defines what students regard as important, how they spend their time and how they come to see themselves as students and then as graduates. If you want to change student learning then change the methods of assessment.' [6] . Despite this, many mathematics papers in Ireland give students a choice between questions on different topics. This allows students the opportunity to omit or avoid more difficult topics. This was strongly borne out by a survey carried out in the DIT [7, 8] in which engineering students were asked if they had struggled as a result of omitting specific subject areas and if they felt that certain topics should always be compulsory. From the 276 responses received, 64% had avoided integration at some point, and 47% felt they had struggled as a result. A quarter of respondents felt that choice should be removed from at least some mathematics papers, while a massive 60% felt there should be compulsory questions on certain topics. Since undertaking this survey the level of choice has been reduced on most mathematics papers in Honours degree programmes in the DIT but not on the Ordinary degree programmes. Thus many students particularly those from an Ordinary degree background, have completely avoided differentiation and integration in their early years.
Core Skills Assessment
A large number of engineering undergraduates begin their third-level education with significant deficiencies in their core mathematical skills. Clearly our aim must be to produce engineers who "able to activate mathematical knowledge, insights, and skills in a variety of situations and contexts" [14] therefore every year, in the Dublin Institute of Technology (DIT), a diagnostic test is given to incoming first-year students, consistently revealing problems in basic mathematics. As noted by Niss ""prerequisites for mathematical competence are lots of factual knowledge and technical skills , in the same way as vocabulary, orthography, and grammar are necessary but not sufficient pre-requisites for literacy" [9] . It is difficult to motivate many students to seek help in the Maths Learning Centre to address these problems. As a result, they struggle through several years of engineering, carrying a serious handicap of poor core mathematical skills, as confirmed by exploratory testing of final year students [7] . In order to improve these skills in engineering students, a "module" in core mathematics was developed.
The course material was basic, but a grade of 90% or higher was required to pass the module. Students were allowed to repeat the module as often as they liked until they passed. An automated examination for this module was developed on WebCT, and a bank of questions created for it. There has been a systematic improvement in the core mathematical abilities of the students participating in the core skills initiative [4] .
Advanced Core Skills Assessment
It was decided to set up an advanced core skills assessment in mathematics, similar to the core skills initiative already developed for first year students in the DIT described above [10] . Similar tests are in existence in many institutes including the Institute of Technology Tallaght, Dublin [11] . This consists of a multiple-choice quiz on WebCT, based on a randomised question bank. The material covered by the test consists of the more important aspects of undergraduate engineering mathematics covered in the first two years of the Honours degree programme and/or the three years of the Ordinary degree programme . The pass mark is set at 90 %. Students will be allowed to re-sit the assessment every two weeks until they pass.
Pilot Project Overview
Beginning September 2011 we piloted the advanced core skills assessment. As in incentive to ensure students participate it is worth 10% of the mathematics module. In the first instance, the students sit the Advanced Mathematics Diagnostic. Those who score 90% receive nine marks out of ten, whilst those who scored less than 90% will receive no marks and have to take the advanced core skills assessment at a later date. These students continued to sit the assessment on a monthly basis until they achieved the required pass mark.
The Advanced Core Skills assessment will mirror the Advanced Mathematics Diagnostic test with 5 versions of each type of question. Each time a student sits the test they will be randomly assigned different versions of each question. After their first attempt, students will be given access to a WebCT site with resources tailored for each question and will be encouraged to attend the Student Maths Learning Centre (SMLC). After their second and subsequent attempts, special classes two hour classes on problem topics were provided and there was an average attendance of 20-25 students at these weekly classes.
Advanced Diagnostic test
The test consists of 10 paired questions on each of the subtopics shown below. For logistical reasons the test is restricted to 1 hour. In this time it is not possible to cover the wide range of topics that we would like our students to know from the previous years. Lee & Robinson [12] found that "to get full advantage of the paired question approach it is essential that the pair test exactly the same skill and have the same number of steps involved. In addition, we would recommend that in order to minimize the potential for making a slip it would be wise to keep the number of steps involved in a question to a minimum" [13] . We have endeavoured where possible to keep the level of difficulty of the paired questions the same and an analysis of this will form part of our pilot. After several iterations between the lecturers in the Faculty, we settled on the following 10 subtopics. For all of our questions we attempted to create incorrect answers based on common errors we routinely see on our exam papers.
Results
A total of 167 students attempted the Advanced Mathematics Diagnostic Test. On the first attempt only 2 out of 167 students achieved a the pass mark of 90%. Six more attempts were given at the test, on average every 2 weeks and by the end of the semester 131 students achieved the pass mark of 90% (see Table 2 : Number of students who passed the advanced maths diagnostic test on their first attempt and before the end of semester.
When we break the students into two groups, those who have passed the advanced diagnostic test/ core skills and those who didn't we see a marked difference in the average mark. The 131 students who passed the diagnostic test scored on average 54.6% in the Maths module and 83% (108/131) of them passed the module. In comparison those who failed the advanced diagnostic test scored an average of 30% in the Maths module and only 39% of them passed the Maths module (see table 3 below). Finally when we divide the students according to their background we see that the students who come from an Ordinary degree background are more than twice as likely to fail their third year Maths module and almost twice as likely to fail the Advanced Diagnostic test at the end of the semester (see table 3 below). In conclusion students who enter third level with weaker Maths ability, are still struggling with Maths with respect to their peers , even after an extra years tuition. This is hardly surprising given that even though these students have an extra year in College they only receive 24 hours extra tuition over this period(see 
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Future Work
To complete this work all of these students will be diagnostically tested in the first week of Fourth year Maths and this grade will be compared with their first attempt at the advanced diagnostic test and their final grade in this test at the end of third year. This grade will also be compared with the results of the test which were given to this year's fourth year class. In addition a series of practice tests will be created for each topic on the test. At the beginning of fourth year an anonymous online survey of each of the Background Maths Hours Total 3 years Ordinary degree 8 hours x 24 weeks 192 2 years Honours degree 7 hours x 24 weeks 168 students will be carried out along with a series of focus groups and interviews of selected students.
This work will allow us to identify areas in the earlier years of the undergraduate mathematics that need improvement. This test will also be useful in assessing the suitability of graduates from other colleges who apply to enter the 3rd year of our Honours degree and in the placement of Erasmus students within our courses.
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